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ELECTRONIC APPARATUS COOLING 
STRUCTURE 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is based on and incorporates herein by 
reference Japanese Patent Application No. 2006-344502 ?led 
on Dec. 21, 2006. 

FIELD OF THE INVENTION 

The present invention relates to an electronic apparatus 
having a cooling structure including a heat spreader and a fan 
device to cool a heat generating element mounted on a circuit 
board. 

BACKGROUND OF THE INVENTION 

Typically, a vehicle navigation apparatus includes a board 
called a navigation board. The navigation board is con 
structed such that a central processing unit (CPU) and periph 
eral components such as a memory device and a high-fre 
quency element are mounted on a circuit board. The 
navigation board is mounted in a case together With other 
devices such as a hard disk drive. 
A vehicle navigation apparatus is installed in a vehicle, 

Where the temperature becomes relatively high. In recent 
years, a vehicle navigation apparatus has become increas 
ingly sophisticated, i.e., a CPU used in the vehicle navigation 
apparatus become increasingly sophisticated. Accordingly, 
the amount of heat generated by a CPU has increased. There 
fore, a cooling structure for cooling a CPU and peripheral 
components has become important. 

For example, as disclosed in US. Pat. No. 6,847,524 cor 
responding to JP-A-2002-368467, a laptop computer cooling 
structure has been proposed that includes a heat spreader (i.e., 
heat sink), cooling ?ns integrated With the heat spreader, and 
a fan device for supplying air betWeen the cooling ?ns. The 
heat spreader is placed above a circuit board on Which a heat 
generating semiconductor package (i.e., CPU) is mounted. 
The heat spreader thermally contacts the heat generating 
semiconductor package. 
As shoWn in FIG. 3, the inventor has applied such a laptop 

computer cooling structure to a cooling structure for cooling 
a navigation board. A CPU 2 as a heat generating device and 
a plurality of circuit elements 3 (peripheral components) are 
mounted on a circuit board 1. A heat spreader 4 shaped like a 
plate and made of aluminum is placed above the circuit board 
1 . A contact portion 5 is integrally formed on a bottom surface 
of the heat spreader 4 and thermally contacts the CPU 2. 
A plurality of cooling ?ns 6 is integrally formed on a top 

surface of the heat is placed at the heat spreader 4 and extends 
in the right and left direction in FIG. 3. A rid 8 such as a metal 
plate is placed above the cooling ?ns 6 so that air passages are 
provided betWeen the cooling ?ns 6. A fan device 7 is placed 
at the right comerportion of FIG. 3. As indicated by arroWs of 
FIG. 3, When the fan device 7 is driven, air is WithdraWn into 
the air passages from above, and the air ?oWs through the air 
passages from left to right in FIG. 3. Thus, heat generated by 
the CPU 2 is dissipated through the cooling ?ns 6. 

Such a conventional cooling structure is focused on cool 
ing the CPU2, i.e., dissipating heat generated by the CPU2. In 
short, in the conventional cooling structure, cooling of the 
circuit elements 3 is not taken into consideration. HoWever, 
some of the circuit elements 3 have guaranteed temperatures 
less than that of the CPU 2. Therefore, When the amount of 
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2 
heat generated by the CPU 2 is signi?cantly increased, for 
example, as a result of sophistication, an ambient temperature 
of the circuit elements 3 may exceed the guaranteed tempera 
tures of the circuit elements 3. 

For example, it is assumed that a guaranteed surface tem 
perature of the CPU 2 is 100 degrees Celsius (° C.), and a 
guaranteed ambient temperature of the circuit elements 3 is 
85° C. In this case, the bottom surface of the heat spreader 4 
is required to be cooled below 1000 C. For example, the heat 
spreader 4 is designed so that the bottom surface of the heat 
spreader 4 is cooled to 95° C. In this case, a heat generating 
member of 95° C. is located above the Whole circuit board 1. 
As a result, the ambient temperature of the circuit elements 3 
may exceed 85° C., Which is the guaranteed ambient tempera 
ture of the circuit elements 3. 
The ambient temperature of the circuit elements 3 can be 

reduced beloW the guaranteed ambient temperature of the 
circuit elements 3 by increasing cooling performance of the 
heat spreader 4. One approach to increase the cooling perfor 
mance of the heat spreader 4 is to increase siZe of the hear 
spreader 4. HoWever, the increase in siZe of the hear spreader 
4 results in increases in siZe and cost of the cooling structure. 
Further the cooling structure shoWn in FIG. 3 requires the rid 
8, Which increases the siZe and cost of the cooling structure. 

SUMMARY OF THE INVENTION 

In vieW of the above-described problem, it is an object of 
the present invention to provide an electronic apparatus hav 
ing a cooling structure that e?iciently cools not only a heat 
generating element mounted an a circuit board but also a 
peripheral element mounted on the circuit board. 

An electronic apparatus includes a circuit board, a plurality 
of circuit elements mounted on the circuit board, and a cool 
ing structure for cooling the circuit elements. The circuit 
elements includes a heat generating element. The cooling 
structure includes a heat spreader, a plurality of cooling ?ns 
integrally formed With the heat spreader, an air inlet, an air 
outlet, and a fan device for generating air ?oWing from the air 
inlet to the air outlet. 

The heat spreader is placed above the circuit board and 
thermally joined to the heat generating element mounted on 
the circuit board. The cooling ?ns extend toWard the circuit 
board to provide a plurality of airpassages betWeen the circuit 
board and the heat spreader The air inlet and outlet commu 
nicate With each other through the plurality of air passages. 

According to the cooling structure, When the fan device is 
driven, the cooling air ?oWs through the air passages, Which 
are respectively separated by the cooling ?ns and provided 
betWeen the heat spreader and the top surface of the circuit 
board. Heat generated by the heat generating element dissi 
pates into the cooling air through the cooling ?ns, and the 
cooling air having the heat is discharged from the air outlet. 
Further, the cooling air directly contacts the heat generating 
element, the circuit elements other than the heat generating 
element, and the top surface of the circuit board. Thus, the 
cooling structure has an improved cooling capacitance. The 
cooling ?ns extend toWard the circuit board so that the cooling 
structure can have a small siZe. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objectives, features and advantages of 
the present invention Will become more apparent from the 
folloWing detailed description made With check to the accom 
panying draWings. In the draWings: 
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FIG. 1 is a diagram illustrating a cross-sectional vieW of an 
navigation board having a cooling structure according to an 
embodiment of the present invention; 

FIG. 2 is a diagram illustrating a bottom vieW of a heat 
spreader of the cooling structure; and 

FIG. 3 is a diagram illustrating a cross-sectional vieW of an 
navigation board having a cooling structure according to a 
related art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A navigation board 11 as an electronic apparatus having a 
cooling structure according to an embodiment of the present 
invention is illustrated in FIG. 1. Although not shoWn in the 
draWings, the navigation board 11 is mounted inside a case 
together With a plurality of devices to construct a main unit of 
a vehicle navigation apparatus. For example, the devices can 
include a hard disk drive, a DVD drive, and other circuit 
boards (e.g., audio board). 
As shoWn in FIG. 1, the navigation board 11 includes a 

rectangular printed circuit board 13, a central processing unit 
(CPU) 14 mounted on a top surface of the board 13, and a 
plurality of circuit elements (i.e., peripheral elements) 15 
mounted on the top surface of the board 13. The length of the 
board 13 is greater than the Width of the board 13. The CPU 
14 is mounted substantially in the center of the board 13. 
The circuit elements 15 include a semiconductor element 

(e.g., memory element). The semiconductor element is of a 
thin small outline package (TSOP) type, a chip scale package 
(CSP) type, or the like. The semiconductor element is 
arranged near the CPU 14. In addition to the semiconductor 
element, the circuit elements 15 include a poWer element, a 
capacitor, a coil, and the like. The poWer element, the capaci 
tor, and the coil are arranged on the left side of the board 13 in 
FIG. 1. Speci?cally, the circuit elements 15 arranged on the 
left side of the board 13 have a height greater than that of the 
circuit elements 15 arranged on the middle or the right side of 
the board 13 in FIG. 1. Thus, the circuit elements 15 having 
relatively large heights are collectively mounted on the left 
side of the board 13 in FIG. 1. The CPU 14 is a heat generating 
element, and the amount of heat generated by the CPU 14 is 
greater than the amount of heat generated by each circuit 
element 15. 

The navigation board 11 has a cooling structure including 
a heat spreader 12 and a fan device 16. The heat spreader 12 
and the fan device 16 are placed above the board 13. The heat 
spreader 12 has a rectangular plate-like shape and slightly 
smaller in siZe than the board 13. The heat spreader 12 may 
be, for example, made from aluminum. The heat spreader 12 
is provided With a contact portion 17, a shield Wall 18, and a 
cooling ?n 19. The contact portion 17, the shield Wall 18, and 
the cooling ?n 19 are integrally formed With a bottom surface 
of the heat spreader 12 to face the top surface of the board 13. 
The contact portion 17 thermally contacts the CPU 14 
mounted on the top surface of the board 13. Although not 
shoWn in the draWings, the heat spreader 12 is provided With 
a mounting portion (e. g., a screW hole) on edges and is ?xed 
to the board 13 at the mounting portion by a screW, for 
example. 

The contact portion 17 has a cylindrical shape and is placed 
substantially in the center of the heat spreader 12 to face the 
CPU 14. The contact portion 17 extends toWard the top sur 
face of the board 13 and thermally contacts the CPU 14. As 
shoWn in FIG. 1, a heat conductive gel 20 is applied to a 
bottom surface of the contact portion 17. Thus, the bottom 
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4 
surface of the contact portion 17 and a top surface of the CPU 
14 can be thermally joined together through the heat conduc 
tive gel 20. 
As shoWn in FIG. 2 illustrating the bottom vieW of the heat 

spreader 12, the shield Wall 18 is placed around the perimeter 
of the heat spreader 12 and extends toWard the top surface of 
the board 13. The shield Wall 18 has a cutout portion at the 
left-top side in FIG. 2. The cutout portion serves as an air 
outlet 21. As shoWn in FIG. 1, a constant clearance C1 of 
about betWeen 0.5 millimeters (mm) and 1 mm is provided 
betWeen a bottom surface of the shield Wall 18 and the top 
surface of the board 13. 

The heat spreader 12 has a circular air inlet 22 at the 
right-bottom comer in FIG. 2. The fan device 16 is placed 
above the air inlet 22 to cover the air inlet 22. The fan device 
16 has a rectangular outer shape. The fan device 16 includes 
a casing 1611, a blade 16b, and a motor (not shoWn). The 
casing 1611 has a circular opening communicating With the air 
inlet 22 of the heat spreader 12. When the blade 16b is driven 
(i.e., rotated) by the motor, cooling air is draWn into space 
betWeen the heat spreader 12 and the board 13 from outside 
through the air inlet 22. 

In FIG. 1, the cooling ?n 19 extends in a doWnWard direc 
tion toWard the top surface of the board 13. The cooling ?n 19 
also extends in a side-to-side direction in FIG. 1. In the 
present embodiment, the heat spreader 12 is provided With 
four cooling ?ns 19 arranged in parallel roWs. Thus, ?ve air 
passages 23 respectively separated by the four cooling ?ns 19 
are provided in the space betWeen the bottom surface of the 
heat spreader 12 and the top surface of the board 13. 

As shoWn in FIG. 2, the cooling ?ns 19 are not placed in a 
rectangular region directly beloW the fan device 16. Also, the 
cooling ?ns 19 are not placed in a triangular region in front of 
the rectangular region. Thus, a ?rst trapeZoidal region formed 
by the rectangular and triangular regions is provided on the 
side of the air inlet 22. The ?rst trapeZoidal region serves as an 
inlet pressure room 24 through Which the air introduced 
through the air inlet 22 is distributed betWeen the air passages 
23. LikeWise, a second trapeZoidal region, Where the cooling 
?ns 19 are not placed, is provided on the side of the air outlet 
21. The second trapeZoidal region serves as an outlet pressure 
room 25. The air passing through the air passages 23 gathers 
into the outlet pressure room 25 and are discharged to outside 
through the air outlet 21. In the present embodiment, for 
example, the outlet pres sure room 25 has a Width less than that 
of the inlet pressure room 24. Further, each of the tWo center 
cooling ?ns 19 is divided in tWo so that a ring space 26 is 
formed around the contact portion 17. 

As shoWn in FIG. 1, the cooling ?ns 19 have steps 19a, 19b 
that adjust the length of the cooling ?ns 19 from the bottom 
surface of the heat spreader 12. Thus, the steps 19a, 19b alloW 
a predetermined clearance C2 to remain betWeen the cooling 
?ns 19 and the circuit elements 15 mounted on the board 13. 
As described previously, in FIG. 1, the circuit elements 15 
arranged on the left side of the board 13 have the height 
greater than that of the circuit elements 15 arranged on the 
middle or the right side of the board 13. Therefore, the length 
of the cooling ?ns 19 arranged on the left side is less than that 
of the cooling ?ns 19 arranged on the middle or the right side. 
Speci?cally, Whereas the length of the cooling ?ns 19 
arranged on the middle or the right side is constant, the length 
of the cooling ?ns 19 arranged on the left side is adjusted by 
the steps 19a, 19b according to the height of the circuit 
elements 15. In the present embodiment, the clearance C2 is 
set greater than the clearance C1 and between 1 mm and 2 
mm, for example. 
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The cooling structure according to the present embodiment 
has the following effect and advantage. As indicated by 
arroWs of FIGS. 1, 2, When the fan device 16 is driven, the 
cooling air is WithdraWn into the inlet pressure room 24 
through the air inlet 22. Then, the air ?oWs from left to light 
in FIGS. 1, 2 through the air passages 23 respectively sepa 
rated by the cooling ?ns 19. The air is introduced from the 
inlet pressure room 24 into the air passages 23 by an even 
pressure to be evenly distributed betWeen the air passages 23. 
Thus, the air spreads among all the air passages 23. 

The air passing through the air passages 23 gathers into the 
outlet pressure room 25 and is discharged to outside through 
the air outlet 21. The contact portion 17 thermally contacting 
the CPU 14 is placed in the air passages 23 so that the air can 
?oW around the contact portion 17, i.e., the CPU 14. Further, 
since the contact portion 17 is cylindrical, the air can 
smoothly pass through the air passages 23 Without being 
obstructed by the contact portion 17. Thus, the contact portion 
17 and the CPU 14 can be e?iciently cooled by the air passing 
through the air passages 23. Furthermore, the shield Wall 18 
placed around the perimeter of the heat spreader 12 helps 
prevent the air from leaking out of the air passages 23. The 
present inventor has veri?ed by experiment that leakage of the 
air can be negligible When the clearance C1 is 1 mm. 

Whereas the air introduced in the navigation board 11 
?oWs in the above-described manner, heat generated by the 
CPU 14 ?oWs in the folloWing manner. The heat is transmit 
ted from the CPU 14 to the contact portion 17 of the heat 
spreader 12 through the heat conductive gel 20. As a result, 
the heat spreads over the heat spreader 12, and the tempera 
ture of the heat spreader 12 and the cooling ?ns 19 increases. 
Heat exchange occurs betWeen the cooling ?ns 19 and the air 
?oWing through the air passages 23. Thus, the heat ef?ciently 
dissipates from the cooling ?ns 19 into the air, and the air 
heated by the heat exchange is discharged from the air outlet 
21. 
At the same time, the heat is transmitted from the CPU 14 

to the board 13 through electrical junctions betWeen the board 
13 and the CPU 14. As a result, the temperatures of the board 
13 and the circuit elements 15 mounted on the board 13 
increase. Heat exchange occurs betWeen the board 13 and the 
circuit elements 15, and the air ?oWing through the air pas 
sages 23. Thus, the heat e?iciently dissipates from the board 
13 and the circuit elements 15 into the air, and the air heated 
by the heat exchange is discharged from the air outlet 21. 
Therefore, in addition to the CPU 14, the board 13 and the 
circuit elements 15 can be cooled by the air. Further, since the 
heat spreader 12 covers substantially all over the board 13, the 
heat spreader 12 serves as an electromagnetic shield. 
As described above, the cooling structure according to the 

present embodiment signi?cantly improves a cooling perfor 
mance for cooling the CPU 14. Further, the cooling structure 
alloWs ambient temperature of the circuit elements 15 to be 
kept loW. 

For example, it is assumed that a guaranteed surface tem 
perature of the CPU 14 is 100 degrees Celsius (° C.), and a 
guaranteed ambient temperature of the circuit elements 15 is 
85° C. In this case, the bottom surface of the heat spreader 12 
is required to be cooled beloW 100° C. For example, the heat 
spreader 12 is designed so that the bottom surface of the heat 
spreader 12 is cooled to 95° C. In this case, a heat generating 
member (i.e., heat spreader 12) of 95° C. is located above the 
Whole board 13. 

According to the present embodiment, the air ?oWs 
betWeen the heat spreader 12 and the board 13 so that inlet and 
outlet air temperatures can be kept beloW 85° C. Thus, the 
ambient temperature of the circuit elements 15 can be kept 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
beloW 85° C., Which is the guaranteed ambient temperature of 
the circuit elements 15. Although the heat generated by the 
CPU 14 may be transmitted to the board 13, the air can 
directly contact the board 13 . As a result, the board 13 and the 
CPU 14 are suf?ciently cooled by the air so that the ambient 
temperature of the circuit elements 15 can be kept beloW the 
guaranteed ambient temperature of the circuit elements 15. 
Therefore, the temperatures of the CPU 14 and the circuit 
elements 15 can be kept beloW the respective guaranteed 
temperatures Without increasing the siZe of the heat spreader 
12 and Without improving air supplying capacity of the fan 
device 16. 

Further, the cooling ?ns 19 extends toWard the board 13. In 
such an approach, an increase in siZe of the navigation board 
11 is limited so that an increase in cost of the navigation board 
11 can be limited. The cooling ?ns 19 have the steps 19a, 19b 
that alloW the predetermined clearance C2 to remain betWeen 
cooling ?ns 19 and the circuit elements 15. Thus, the Whole 
thickness of the heat spreader 12 including the cooling ?ns 19 
can be reduced. Unlike the related art shoWn in FIG. 3, the 
cooling structure according to the present embodiment 
requires no lid. Therefore, the siZe and cost of the navigation 
board 11 can be reduced. 

Furthermore, the shieldWall 18 is placed around the perim 
eter of the heat spreader 12 to help prevent the air passing 
through the air passages 23 to leak out. Thus, the cooling 
structure provides an improved cooling performance. The 
clearance C1 betWeen the shield Wall 18 and the board 13 is 
set less than the clearance C2 betWeen the cooling ?ns 19 and 
the circuit elements 15. In such an approach, most of the air 
introduced inside the navigation board 11 ?oWs through the 
air passages 23 Without leaking out so that the cooling per 
formance enough to kept the temperatures to the CPU 14 and 
the circuit elements 15 beloW the respective guaranteed tem 
peratures can be ensured. 

Furthermore, the inlet pressure room 24 is placed near the 
air inlet 22 to equally distribute the air introduced through the 
air inlet 22 betWeen the air passages 23. The outlet pressure 
room 25 is placed near the air outlet 21 to gather the air 
passing through the air passages 23 so that the air can be 
discharged through the air outlet 21 Without dispersion. The 
contact portion 17 thermally contacting the CPU 14 is cylin 
drical and the ring space 26 is formed around the contact 
portion 17. In such an approach, the air can smoothly pass 
through the air passages 23 Without being obstructed by the 
contact portion 17. Thus, the contact portion 17 and the CPU 
14 can be e?iciently cooled by the air passing through the air 
passages 23. 

(Modi?cations) 
The embodiments described above may be modi?ed in 

various Ways. For example, in the embodiment described 
above, the fan device 16 is a bloWer type and arranged on the 
side of the air inlet 22. Alternatively, the fan device 16 may be 
a sucker type and arranged on the side of the air outlet 21. An 
additional fan device may be placed above the heat spreader 
12. The contact portion 17 of the heat spreader 12 may have a 
shape other than the cylinder. For example, the contact por 
tion 17 can have a prismatic shape. The contact portion 17 and 
the CPU 14 may be thermally joined together through a heat 
conductive member other than the heat conductive gel 20. For 
example, the contact portion 17 and the CPU 14 can be 
thermally joined together through a heat conductive grease or 
tape. The number and the arrangement of the circuit elements 
14, 15, and the cooling ?ns 19 can be changed according to 
needs. 
The cooling structure according to the present invention 

can be applied to various electronic apparatus having a heat 
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generating element to be cooled. In particular, the cooling 
structure can be suitably applied to electronic apparatus used 
in a vehicle, Where the temperature becomes high. 

Such changes and modi?cations are to be understood as 
being Within the scope of the present invention as de?ned by 
the appended claims. 
What is claimed is: 
1. An electronic apparatus comprising: 
a circuit board; 
a plurality of circuit elements mounted on a top surface of 

the circuit board, the plurality of circuit elements includ 
ing a heat generating element; and 

a cooling structure that includes a heat spreader, a plurality 
of cooling ?ns integrally formed With the heat spreader, 
an air inlet, an air outlet, and a fan device for generating 
cooling air ?oWing from the air inlet to the air outlet, 
Wherein 
the heat spreader is placed above the circuit board and 

thermally joined to the heat generating element 
mounted on the circuit board, Wherein 

the plurality of cooling ?ns extends from a bottom sur 
face of the heat spreader toWard the top surface of the 
circuit board to provide a plurality of air passages 
betWeen the top surface of the circuit board and the 
bottom surface of the heat spreader, Wherein 

the air inlet and the air outlet communicate With each 
other through the plurality of air passages, Wherein 

a ?rst one of the plurality of cooling ?ns has a ?rst length 
measured from the bottom surface of the heat 
spreader and located above a ?rst one of the plurality 
of circuit elements to provide a ?rst clearance ther 
ebetWeen, the ?rst one of the plurality of circuit ele 
ments having a ?rst height measured from the top 
surface of the circuit board, Wherein 

a second one of the plurality of cooling ?ns has a second 
length measured from the bottom surface of the heat 
spreader and located above a second one of the plu 
rality of circuit elements to provide a second clear 
ance therebetWeen, the second one of the plurality of 
circuit elements having a second height measured 
from the top surface of the circuit board, Wherein 

the ?rst length is greater than the second length, and 
Wherein 

the ?rst height is less than the second height. 
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2. The electronic apparatus according to claim 1, Wherein 
the cooling structure further includes a Wall member 

placed around a perimeter of the heat spreader and 
extending toWard the top surface of the circuit board to 
prevent the air from leaking out of the plurality of air 
passages. 

3. The electronic apparatus according to claim 1, Wherein 
the cooling structure further includes a pressure room 

placed near the air inlet, Wherein no cooling ?n is placed 
in the pressure room, and Wherein the air is distributed 
betWeen the plurality of air passages through the pres 
sure room. 

4. The electronic apparatus according to claim 1, Wherein 
no cooling ?n is placed around the heat generating element 

to provide a space around the heat generating element, 
and Wherein the air ?oWs from the air inlet to the air 
outlet through the space. 

5. The electronic apparatus according to claim 1, Wherein 
the heat spreader includes a contact portion having a cylin 
drical shape and extending toWard the top surface of the 
circuit board to be thermally joined to the heat generating 
element. 

6. The electronic apparatus according to claim 2, Wherein 
the Wall member has at least one of the air inlet and the air 
outlet. 

7. The electronic apparatus according to claim 5, Wherein 
a ?rst set of the plurality of cooling ?ns is located closer to 

the air inlet than the contact portion and provides a ?rst 
one of the plurality of air passages, Wherein 

a second set of the plurality of cooling ?ns is located closer 
to the air outlet than the contact portion and provides a 
second one of the plurality of air passages, Wherein 

the ?rst and second sets of the plurality of cooling ?ns are 
aligned With a space therebetWeen so that the ?rst and 
second ones of the plurality of air passages are aligned 
With the space therebetWeen, and Wherein 

the cylindrical contact portion is located in the space not to 
contact With the ?rst and second sets of the plurality of 
cooling ?ns. 

8. The electronic apparatus according to claim 1, Wherein 
the ?rst one of the plurality of cooling ?ns is located closer 

to the air inlet than the second one of the plurality of 
cooling ?ns. 


